Methods: Participants were included if they had a motor complete spinal cord injury (SCI), were within 12 months from the date of injury and completed the recommended length of stay. Median SCIM-III changes between admission and discharge were calculated by subgroups (C1-4, C5, C6, C7-8, T1-6 and T7-12) based on the American Spinal Injury Association motor injury levels. Ceiling and floor effects were examined by item and the percentage of participants showing change between admission and discharge were calculated. Results: In all, 114 participants were included in the analysis. The median total SCIM-III score at admission was 42 (range 13-68), whereas the median total SCIM-III score at discharge was 50 (range 16-72). The median improvement of 5 points in total SCIM-III score between admission and discharge was statistically significant. Significant improvements were also observed between admission and discharge across all subgroups except C1-4. Ceiling and floor effects were noted in some subgroups. Conclusions: The SCIM-III seems to be an effective measure for functional assessment of persons with SCI in a post-acute rehabilitation program. There are some ceiling and floor effects noted; however, the SCIM-III seems to be sensitive enough to capture functional changes during a post-acute rehabilitation program.
Introduction
As researchers and clinicians discover methods to restore functional recovery in individuals with a spinal cord injury (SCI), it is important to develop reliable and sensitive measures for validating functional recovery. There is also an increasing need to have sensitive outcome measures to detect change over a shorter period of time and across various continuums of care due to the decreasing lengths of rehabilitation stay in the United States from 115 days in 1974 to 36 days in 2005. 1 The Spinal Cord Independence Measure (SCIM) has been designed specifically for individuals with SCI and measures the ability of performing routine daily tasks. 2 Three versions of the SCIM have been developed since 1997. 3 The SCIM-III has been shown to be a valid, reliable and efficient measure for functional assessment of individuals with SCI. [2] [3] [4] [5] The SCIM-III consists of three subscales: self-care (scores between 0 and 20), respiration and sphincter management (scores between 0 and 40), and mobility (scores between 0 and 40). These subscales are subdivided into 19 tasks. Each task score is weighted according to the clinical relevance with respect to the overall activity of individuals with SCI. The maximal attainable total score of the SCIM-III is 100 points with higher scores indicating more independence (Table 1) . Shortened length of in-patient rehabilitation stays has generated a need for increased therapeutic services after discharge. The 'day program' concept has emerged to meet this demand. Day program (DP) is defined as an outpatient program for individuals who are medically stable, do not require skilled nursing services during the night, tolerate a minimum of 3 hours of therapy per day and need a coordinated approach for two or more services. Services may include physical therapy, occupational therapy, therapeutic recreation, nursing, counseling or speech therapy. 6 The aims of this study are (1) to evaluate functional change, as measured by the SCIM-III during DP, in individuals with a motor complete SCI, (2) identify SCIM-III floor or ceiling effects and (3) assess perceptions of clinical staff to the overall ease of use and sensitivity of the SCIM-III.
Methods
Participant selection A prospective study design was conducted using data from individuals with SCI discharged from a DP between March 2007 and June 2008. The DP participants were included if they had an SCI, were within p12 months from the date of injury, American Spinal Injury Association (ASIA) Impairment Scale A or B and completed the recommended length of stay. Participants were excluded if they had a brain injury with a resultant Rancho Los Amigos level of p7 on admission or o12 years of age. If participants had multiple admissions during the study time frame, only the first program admission was included.
A total of 341 admissions occurred during the study time frame and 114 were included in the analysis. In all, 53% of admissions (180) did not meet the inclusion criteria. Of the 161 individuals that met the inclusion criteria, 47 were excluded because of multiple program admissions (35), incomplete SCIM-III data (5) or ASIA data (7).
SCIM-III
The SCIM-III was administered by occupational therapists, physical therapists, and nursing staff on admission and discharge. Each discipline assessed, by observation, specific SCIM-III items in which they had the most expertise: occupational therapy scored feeding, bathing, dressing, grooming, sphincter management, and use of toilet; nurses scored respiration, as well as collaborated with occupational therapy in regard to sphincter management; and physical therapy scored all mobility components.
International standards for neurological classification of SCI The ASIA International Standards for Neurological Classification of Spinal Cord Injury examination was administered by trained therapists and all data used for this study were independently validated. The overall motor neurological level determined the aggregate groups.
Questionnaire
A questionnaire was developed to collect process-centered data, including barriers to implementation, staff compliance, repeat training requirements, and process modifications. Data were collected regarding staff satisfaction with using the tool. We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research.
Data analysis
Data were analyzed using the SPSS version 15.0 for Windows statistical package (SPSS Inc., Chicago, IL, USA). The median SCIM-III change between admission and discharge from DP was calculated and summarized by subgroups based on ASIA motor injury levels. The following subgroups were defined: C1-3, C4, C5, C6, C7-8, T1-6, T7-12 and L1-S1. Subgroups C1-3 and C4 were combined for the analysis because of a small participant number. The L1-S1 subgroup was not used as there were no participants in this subgroup.
The ceiling and floor effects were examined by item, and the percentage of individuals scoring the minimum at discharge (floor effect) and maximum at admission (ceiling effect) was calculated. The DP length of stay was estimated by calculating the number of workdays between admission and discharge. This calculation excludes weekends but does not take into account holidays.
The Wilcoxon signed-rank test was used to examine the statistical significance of the median change observed by injury level. A two-sided P-value o0.05 was defined as statistically significant.
Results

Participant description and injury characteristics
Participant demographics are presented in Table 2 . The majority of individuals were male (81%). The most common ASIA Impairment Scale (AIS) was A (80%) and the most common level of impairment was T1-6 (33%). The Spinal Cord Independence Measure III P Ackerman et al
Total SCIM-III scores and changes Both admission and discharge total SCIM-III scores increased with improved motor levels. All subgroups showed statistically significant, positive changes except C1-4 (see Table 3 ). The largest changes were observed in the C6 (9 points) and C7-8 (7 points) subgroups, whereas the smallest change was observed in the C1-4 and C5 subgroups (0 points and 3 points). Self-care subscale median scores are presented in Table 4 . Total median score changes were observed in all subgroups except C1-4 and T7-12. Increases in lower body dressing (C7-8, T1-6) and grooming (C6) were observed. Ceiling effects (X50% of participants scoring maximum at admission) were observed in feeding and grooming (T1-6, T7-12), and floor effects (X50% of participants scoring minimum at discharge) were observed in the C1-4 subgroup for all items and the subscale total, and in upper and lower body bathing and lower body dressing in the C5 subgroup.
The respiration and sphincter management subscale median scores are presented in Table 5 . Total median score changes were observed (T1-6, T7-12). Ceiling effects were observed in respiration in all subgroups except C1-4 and floor effects were observed in use of toilet (C1-4, C5, C6).
Mobility subscale median scores are presented in Table 6 . Total median score changes were observed in all subgroups The Spinal Cord Independence Measure III P Ackerman et al except C1-4. Increases in bed mobility (C6, C7-8, T1-6), bed/wheelchair transfers (C6) and stair management (T7-12) were observed. Ceiling effects were observed in bed mobility (T7-12) and floor effects were observed in bed mobility, bed/ wheelchair transfers, toilet/tub transfers and car (C1-4, C5), stair management (all subgroups except T7-12) and ground transfers (all subgroups). A summary of floor/ceiling effects and median changes is presented in Table 7 .
The frequencies of item level changes are presented in Table 8 . Changes were observed for X50% patients in lower body dressing (C7-8, T1-6), grooming (C6), bed mobility (C6, C7-8, T1-6), bed wheelchair transfers (C6), and stair management (T7-12). No changes were observed across all subgroups in Respiration. Other items with no changes for three or more subgroups included mobility indoors (C7-8, T1-6, T7-12), stair management (C1-4, C5, C6) and ground wheelchair transfers (C1-4, C5, C6) .
The presence of comorbidities and complications were identified that may have affected the level of independence individuals achieved. The frequency of these complications is summarized in Table 9 .
Staff questionnaire
Results of the staff questionnaire (n ¼ 7) revealed the following:
1. All respondents reported learning the SCIM-III as 'easy' to 'extremely easy'. 2. Five respondents reported that determining a score was 'easy' to 'extremely easy' with the most difficult items to score being outdoor mobility and bowel and bladder management. 3. Three respondents perceived the tool-captured progress. 4. All respondents reported a perceived floor or ceiling effect. 5. The staff noted that the skill descriptions are not complete, leading to less scoring clarity. 6. Partial assistance for mobility with a power system cannot be captured. 7. There is no scoring benefit for those individuals who selfdirect their care.
Discussion
Results of this study confirm that the SCIM-III can yield clinically useful information regarding the functional changes that occur during DP for individuals after an SCI. Although median score changes were not observed for all items, significant total score changes were evident in all groups except for C1-4 and follow a somewhat predictable pattern. 8 When reviewing data per level of injury for each skill, the overall change seemed to be clinically relevant in various skills for all levels except C1-4. Overall, the changes observed after treatment were similar to those described by Wirth et al.
7
Specific to the C1-4 participants, a floor effect was observed for 13 of the 19 skills. The only skills that did not show a floor effect included respiration, bladder/bowel management and the wheelchair mobility skills. These data are not surprising as these individuals have limited mobility skill potential. One might expect a change in function for the C1-4 subgroup in the area of respiration; however, a change was not identified, presumably because they already reached their maximum potential by the time they were discharged from in-patient. Those individuals, who have not yet weaned from a ventilator or tracheostomy tube, were not expected to do so.
Individuals with a C5 SCI had a median gain of 3.0 in their total SCIM-III score. The most responsive items were feeding (44%) and grooming (44%). Both skills are a common focus for activities of daily living goals and this change was expected. Other responsive items were bed mobility (31%) and bed/wheelchair transfers (31%). Bed mobility skills require more strength and it is expected that participants would not routinely achieve independence with this skill at the time of discharge. On further analysis for bed to wheelchair transfers, the change seems to occur moving from 'requiring total assist' to 'requiring partial assistance'. Most participants are not expected to be independent with this skill. As with the C1-4 subgroup, the C5 subgroup has limited upper extremity capability and showed a floor effect for skills that require stronger upper extremity musculature to perform. The Spinal Cord Independence Measure III P Ackerman et al
The greatest overall median changes were noted among the C6 and the C7-8 subgroups (9.0 and 7.0, respectively). Individuals in the C6 subgroup seemed to have the greatest individual change in lower body bathing (44%), grooming (50%), bed mobility (72%) and bed to wheelchair transfers (56%). For these participants, strength in the upper extremities remains significantly impaired at the onset of DP, but may show significant improvements over time enhancing outcomes. In the respiratory and sphincter section, improvements were expected in the area of bladder management; however, these changes were not realized in the DP environment. On further analysis, it was noted that 3 out of 18 in the C6 group had suprapubic catheters, and although individual changes were noted, this is believed to have affected the overall median score. Individuals in the C7-8 group showed a median increase of 7.0 in the SCIM-III score. The most significant changes were observed in lower body dressing (58%) and bed mobility (67%). This group showed little changes in mobility scores, which may reflect a sensitivity limitation when using the SCIM-III with only motor complete injuries, as a score of X3 (walking) is not likely. One would also expect that persons with a C7-8 SCI would function more independently than the other levels of tetraplegia as they have more fully innervated musculature. The lengths of stay for C6 (25 days) and C7-8 subgroups (23 days) were longer than that for other subgroups and this could have been an important factor regarding functional improvements, given they had more treatment sessions to improve on their skill acquisition.
Ceiling effects for the T1-6 and T7-12 subgroups for the self care items were expected because of their fully functioning upper extremities. In the subscale of respiration and sphincter management, individuals with paraplegia achieved the highest score possible on the respiration item. The change of 2 points in the SCIM-III for the respiration and sphincter management subscale can be attributed most to the bowel management and use of toilet tasks. The maximum change can be seen in the mobility subscale in which individuals with T1-6 showed a change of 3 points and the T7-12 showed a change of 2 points. The tasks mastered most often were bed mobility and bed transfers, whereas the skills least likely to change were indoor, outdoor and moderate distance mobility skills. As all participants were motor complete, there is limited potential in the mobility skills to be measured using this tool. In addition, The Spinal Cord Independence Measure III P Ackerman et al the scoring for ground transfers has fewer scoring options, making this task significantly more difficult to have a change in score. 8 The results of the staff questionnaire noted many advantages of using the SCIM-III for persons admitted to a DP noting ease of use and the seemingly accurate perception that the SCIM-III captures functional change. The identified disadvantages are similar to those as identified by Dawson et al. 9 First, when considering an individual who is dependent on their care, there is no distinction made between an individual who can direct their care versus someone who is unable to direct their care. Although it is recognized that this is a tool to measure the activity level, individuals who experience a high-level cervical injury (C1-4) can be more 'independent' in their daily activities because they can seek assistance from more than one or two people. The Quadriplegia Index of Function has successfully incorporated an assessment of the person's understanding of personal care 10 and the staff perceived that this information would add depth to the SCIM-III assessment. Second, staff also perceived floor effects for scoring some items for persons with high-level tetraplegia (particularly the self-care and mobility items) and ceiling effects for scoring some items for persons with paraplegia (particularly the self-care items).
Dawson et al. 9 identified clustering of extreme values especially for the mobility items. There are some weaknesses of this study. The overall specific objectives of the services being rendered in DP may bias the scores. Individuals who participate in DP require an intense interdisciplinary program because of the complexity of their needs. Another weakness is the use of a facilityspecific electronic medical record. The electronic medical record had a limited number of characters to describe the different levels of independence and the staff had to refer to the full description of the SCIM-III before documenting in the computer.
Conclusions
The SCIM-III is sensitive to changes in individuals with SCI with injury levels between C5 and T12 who participate in a DP. Suggestions for further refinement of the SCIM-III include: (1) add an assessment of the individual's understanding of personal care, (2) increase levels of independence for the ground-wheelchair transfer and (3) create a training manual for users to reduce questions in regard to some of the definitions of the scale. The Spinal Cord Independence Measure III P Ackerman et al
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